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DOUBLE T APERED STEEL WIRE AND METHOD AND APPARATUS 

FOR CONTINUOUSLY HEAT TREATING THE WIRE 
^ ' " ■ ■ 

FIELD OF THE INVENTION 
[01] The present invention relates to a double tapered steel wire and a 

method and an apparatus for continuously heat treating the wire, wherein the 
wire is provided with a straight central portion with a constant diameter; and, 
opposite tapered end portions disposed adjacent to opposite ends of the 
straight central portion, the tapered end portions being tapered down to their 
reduced-diameter outer ends. The wire is used as material for coil springs, and 
wound in a manner such that the coil spring assumes a barrel-like or spindle- 
like shape as a whole. 

DESCRIPTION OF THE RELATED ART 
[02] An ordinary coil spring is formed by winding a steel filament 

(hereinafter referred to as the wire) which is constant in diameter over its 
entire length. In contrast with this, in the case of a coil spring assuming a 
barrel-like or spindle-like shape, as shown in Fig. 7, it is preferable for the coil 
spring to have its barrel portion 15 formed by winding a steel filament or wire 
which is larger in diameter in the barrel portion 15 than in each of its opposite 
end portions 16. The use of such wire in the barrel portion 15 of the coil 
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spring makes it possible for the coil spring: to obtain more specialized spring 
properties than those of the ordinary coil spring formed by winding the 
constant diameter wire over its entire length; and, to reduce its weight as a 
whole. These are advantages inherent in the coil spring formed by the wire 
which is not constant in diameter. Due to this, it is preferable for the coil 
spring to use a so-called "double tapered steel wire*', which has its opposite 
end portions tapered down to their reduced-diameter outer ends. 
[03] Heretofore, in manufacturing the coil spring assuming such barrel-like 

shape: the coil spring is hot formed by winding the wire; and, the thus hot- 
formed coil spring is then received in a metal heating furnace, wherein the coil 
spring is sequentially subjected to a series of heat treatments including 
heating, quenching and tempering processes of the coil spring. In such 
conventional manufacturing method of the coil spring, though it is necessary 
to take the coil spring out of its split-type mother pattern which is used to wind 
the wire thereon to form the coil spring, it is difficult to take the thus formed 
coil spring out of its mother pattern when the coil spring is hot formed into a 
barrel-shaped coil spring and cooled to contract relative to its mother pattern, 
because such contraction of the coil spring tightens the spring's grip on its 
mother pattern. This is one of disadvantages inherent in the conventional 
manufacturing method of the barrel-shaped coil spring. The conventional 
manufacturing method further suffers from another disadvantage that the heat 
treatments tend to deform the coil spring and also causes the loss of carbon 
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from the surface of the coil spring, which makes it difficult for the coil spring 
to be continuously heat treated. 

[04] Consequently, it is apparent that the need exists for manufacturing of 

the barrel-shaped coil spring by winding the filament of spring steel wire after 
the filament has been subjected to continuous heat treatments. Here, in order 
to produce the spring steel wire free from any defects such as decarbonization 
and the like, it is preferable for the continuous heat treatments to use induction 
heating processes and the like. 

DISCLOSURE OF THE INVENTION 

[05] The problems to be solved by the present invention are as follows: 

namely, 

[06] In case that a steel wire with a constant diameter is heat treated, it is 

easy to perform a continuous heat treatment of the steel wire by using the 
induction heating, which is capable of uniformly heating the steel wire. In 
contrast with this, in case that the double tapered steel wire which has its 
large-diameter portions and its small-diameter portions arranged in tandem in 
its longitudinal direction is continuously heat treated using the induction 
heating, the large-diameter portions of the wire are lower in temperature than 
the smaller-diameter portions of the same wire, and therefore lower in 
hardness than the small-diameter, portions of the wire after quenching but 
larger in hardness than the small-diameter portions of the wire after tempering. 
In any case, this causes the double tapered steel wire to vary in tensile strength 
over its entire length, which is a disadvantage inherent in the prior art. 
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[07] In forming the spring steel wire into a coiled shape, it is preferable to 

use a double tapered steel wire which is uniform both in hardness and in 
tensile strength over its entire length. 

[08] Consequently, it is an object of the present invention to solve the above 

problems inherent in the prior art by providing a double tapered steel wire and 
a method and an apparatus for continuously heat treating the wire, wherein the 
wire is heated to a constant temperature over the entire length thereof, which 
makes the wire constant in hardness over its entire length. 

[09] In accordance with a first aspect of the present invention, the above 

object of the present invention is accomplished by providing: 

[10] A method for continuously heat treating a double tapered steel wire 

having its constant diameter straight portion disposed between its opposite 
tapered end portions in its longitudinal direction, wherein the opposite tapered 
end portions are tapered down to their outer reduced-diameter ends, 
characterized by comprising the steps of: 

continuously detecting a diameter of the steel; 

controlling the amount of energy of induction heating supplied to the 
steel wire, wherein the amount of the energy is proportional to the diameter of 
the steel wire having been detected; 

whereby the steel wire is heated to the same temperature over the 
entire length thereof and heat treated. 
[11] In other words, in contrast with a conventional method in which a 

conventional coil spring has its large-diameter portion heated at the expense of 
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the same amount of electric power as that required to heat its small-diameter 
portion, in the method of the first aspect of the present invention for 
continuously heat treating the double tapered steel wire: a diameter of the steel 
wire is continuously detected by a wire diameter detection means; when the 
constant diameter straight portion of the steel wire is heated, the amount of 
energy supplied to a heating means for continuously heating the steel wire is 
kept constant; when each of the opposite tapered end portions is heated, the 
amount of energy supplied to the heating means is controlled so as to be 
proportional to variations in diameter of the tapered end portion; whereby the 
steel wire has both its small-diameter portion and its large-diameter portion 
heated to the same temperature, and heat treated both the small-diameter and 
the large-diameter portion thereof. Due to such heat treatments of the steel 
wire, it is possible for the method of the present invention to obtain the heat- 
treated double tapered steel wire in which its large-diameter straight portion 
and its small-diameter tapered portion are equal to each other both in hardness 
and in tensile strength. Incidentally, in any one of a quenching and a 
tempering heat treatment, it is possible to heat both the large-diameter and the 
small-diameter portion of the wire to the same temperature. 
[12] In other words, in a conventional induction heating process which is 

not controlled in the same manner as that of the method of the present 
invention, since a small-diameter portion of a double tapered steel wire is 
higher in temperature than a large-diameter portion of the same wire, the 
small-diameter portion is larger in hardness than the large-diameter portion 
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after quenching, but smaller in hardness than the latter after tempering. In 
contrast with this, in the method of the present invention, since heating 
temperatures are controlled in proportion to the variable diameter of the 
double tapered steel wire, it is possible for the double tapered steel wire to 
have its small-diameter portions be equal in tensile strength to its large- 
diameter portions. According to a second aspect of the present invention, it is 
possible to manufacture such double tapered steel wire by providing: 
[13] A double tapered steel wire characterized by comprising: 

a straight portion with a constant diameter; 

opposite tapered portions disposed adjacent opposite ends of the 
straight portion, wherein the tapered portions are tapered down to their 
reduced-diameter outer ends; 

wherein the steel wire is heat treated using induction heating in a 
manner such that the steel wire has its small-diameter portions be substantially 
equal to its large-diameter portion (21) in tensile strength. 
[14] According to a third aspect of the present invention, it is possible to 

manufacture the double tapered steel wire by providing: 
[15] An apparatus for continuously heat treating a double tapered steel wire, 

wherein the steel wire is provided with a constant-diameter straight portion 
and a pair of opposite tapered portions disposed adjacent to opposite ends of 
the straight portion, wherein the tapered portions are tapered down to their 
reduced-diameter outer ends, the apparatus being characterized by comprising: 

an induction heating means for continuously heating the steel wire; 



6 



a wire diameter detection means for continuously detecting a diameter 
of the steel wire; and 

a control means for controlling the amount of energy supplied to the 
induction heating means in a manner such that the steel wire has its individual 
portions heated to individual predetermined temperatures over the entire 
length of the steel wire, wherein the amount of the energy supplied to the 
induction heating means is proportional to a wire diameter of the steel wire 
having been detected by the wire diameter detection means. 
[16] Preferably, the apparatus of the present invention further comprises a 

quenching means and a tempering means, wherein the quenching means and 
the tempering means are arranged in tandem to have the steel wire be 
continuously subjected to a quenching process and a tempering process in this 
order. 

[17] In the apparatus of the present invention, preferably, the double tapered 

steel wire is provided with: a plurality of straight portions each with a constant 
diameter; and, a plurality of tapered portions which are spaced alternately with 
the straight portions in a longitudinal direction of the double tapered steel 
wire. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[18] The above and other objects, advantages and features of the present 

invention will be more apparent from the following description taken in 
conjunction with the accompanying drawings in which: 
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[19] Fig. 1 is a schematic block diagram of the apparatus for continuously 

heat treating the double tapered steel wire of the present invention, illustrating 

the construction of the apparatus of the present invention; 
[20] Fig. 2 is a side view of the double tapered steel wire of the present 

invention, illustrating its outline and dimensions; 
[21] Fig. 3 is a graph of the prior art, illustrating the quenching temperature 

of the double tapered steel wire subjected to the conventional method; 
[22] Fig. 4 is a graph of the present invention, illustrating the quenching 

temperature of the double tapered steel wire of the present invention subjected 

to the method of the present invention; 
[23] Fig. 5 is a graph of the prior art, illustrating the tempering temperature 

of the double tapered steel wire subjected to the conventional method; 
[24] Fig. 6 is a graph of the present invention, illustrating the tempering 

temperature of the double tapered steel wire of the present invention subjected 

to the method of the present invention; 
[25] Fig. 7 is a side view of the spindle-like coil spring formed by winding 

the double tapered steel wire of the present invention; and 
[26] Fig. 8 is the dimensions of the sample steel wires in the Fig. 2, 

subjected to the example 1. 

BEST MODES FOR C ARRING OUT THE INVENTION 
[27] The best modes for carrying out the present invention will be described 

in detail using embodiments of the present invention with reference to the 

accompanying drawings. 



8 



[28] The present invention may, however, be embodied in various different 

forms and should not be construed as limited to the embodiments set forth 
herein; rather, these embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of the present 
invention to those skilled in the art. 

[29] In the accompanying drawings, the diameter and the length of a double 

tapered steel wire are exaggerated for clarity. Like reference numerals refer to 
like parts throughout the drawings. 

[30] Fig. 1 shows in construction an apparatus of the present invention for 

continuously heat treating a double tapered steel wire 1 of the present 
invention. Fig. 2 shows an embodiment of the double tapered steel wire 1 of 
the present invention. 

[31] As shown in Fig. 2, the double tapered steel wire 1 hereinafter referred 

to also as the workpiece S) is provided with: a large-diameter straight portion 
21 having a constant diameter and a length of L2 and, a pair of opposite 
tapered portions 22, 23 each of which is disposed adjacent to each of opposite 
ends of the straight portion 21, tapered down to its outer reduced-diameter 
end, and has a length of L12 wherein the outer reduced-diameter end of each of 
the tapered portions 22, 23 is connected with a small-diameter straight portion 
24 in a manner such that the large-diameter straight portion 21, tapered 
portions 22 and 23, and the small-diameter straight portion (24 are integrally 
connected with each other to form the continuous double tapered steel wire 1 
(i.e., workpiece S) of the present invention. When the workpiece S is cut at 
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the midpoint of the small-diameter straight portion 24, it is possible to obtain a 
piece or a unit length of the workpiece S, wherein the piece or unit length of 
the workpiece S has a length of Lq. 

[32] Now, an apparatus of the present invention for continuously heat 

treating the steel wire or workpiece S will be described in detail. 

[33] As shown in Fig. 1, arranged in tandem in the apparatus (from its 

upstream side (i.e., right-hand side) to its downstream side (i.e., left-hand side) 
are: a payoff reel stand 1; a length measuring means 2; a first wire-diameter 
measuring unit 3; a heating coil 4 for use in quenching (hereinafter referred to 
as the quenching-purpose heating coil 4); a water-cooled jacket 5 for use in 
quenching (hereinafter referred to as the quenching-purpose water-cooled 
jacket 5); a second wire-diameter measuring unit 6; a heating coil 7 for used in 
tempering (hereinafter referred to as the tempering-purpose heating coil 7); a 
water-cooled jacket 8 for use in tempering (hereinafter referred to as the 
tempering-purpose water-cooled jacket 8); and, a take-up reel stand 9. 

[34] More specifically, the length measuring means 2 is provided with a 

roller (shown in Fig. 1) which is brought into contact with a surface of the 
double tapered steel wire or workpiece S being heat treated, and rotatably 
driven by the workpiece S when the workpiece S travels through the apparatus 
of the present invention. Consequently, in the length measuring means 2, a 
length of the workpiece S being treated is calculated based on the rate of such 
rotation of the roller. 
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[35] On the other hand, each of the first wire-diameter measuring unit 3 and 

the second wire-diameter measuring unit 6 is a non-contact measuring unit for 
continuously measuring a wire diameter of the workpiece S, for example such 
as a laser wire-diameter measuring unit and the like. The first wire-diameter 
measuring unit 3 and the second wire-diameter measuring unit 6 are spaced 
apart from each other, and disposed in the upstream side or inlet side of a 
center of the quenching-purpose heating coil 4 and in the upstream side or 
inlet side of a center of the tempering-purpose heating coil 7 by distances Ki 
and K2 respectively. 

[36] The quenching-purpose heating coil 4 and the tempering-purpose 

heating coil 7 are electrically connected with a high-frequency oscillator 10 
for use in quenching (hereinafter referred to as the quenching-purpose high- 
frequency oscillator 10) and a high-frequency oscillator 11 for use in 
tempering (hereinafter referred to as the tempering-purpose high-frequency 
oscillator 11), respectively. On the other hand, the quenching-purpose water- 
cooled jacket 5 and the tempering-purpose water-cooled jacket 8 function to 
quench the workpiece S heated by the quenching-purpose heating coil 4 and 
the tempering-purpose heating coil 7, respectively. 

[37] In the control means or unit 12, as will be described later, the amount 

of electric power supplied to each of the quenching-purpose heating coil 4 and 
the tempering-purpose heating coil 7 from the corresponding quenching- 
purpose high-frequency electric power source 10 and the corresponding 
tempering-purpose high-frequency electric power source 11, respectively, is 
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controlled based on signals issued from each of the length measuring means or 
unit 2, first wire-diameter measuring unit3 and the second wire-diameter 
measuring unit 6. 

[38] Hereinbelow, the heat treatment apparatus having the above 

construction will be described in operation. In the apparatus, the workpiece S 
to be heat treated is unwound and supplied from the payoff reel stand 1, heated 
to its quenching temperature by the quenching-purpose heating coil 4, and 
then quenched by the quenching-purpose water-cooled jacket 5. The thus 
quenched workpiece S is subsequently heated to its tempering temperature by 
the tempering-purpose heating coil 7 and then tempered. After that, the thus 
tempered workpiece S is cooled in the tempering-purpose water-cooled jacket 
8, and then taken up in the take-up reel stand 9, which makes it possible to 
continuously quench and temper the workpiece S. 

[39] More specifically, before the workpiece S is introduced into the 

quenching-purpose heating coil 7, a traveled distance of the workpiece S is 
measured by the length measuring unit 2 and the wire diameter of the 
workpiece S thus measured in its traveled distance is measured by the first 
wire-diameter measuring unit 3. On the other hand, the control unit 12 is so 
designed as to supply electric power to the quenching-purpose heating coil 4 
in a manner such that the amount of electric power supplied to the heating coil 
4 is proportional to the dimension of workpiece's wire diameter having been 
measured by the first wire-diameter measuring unit 3. More specifically, the 
control unit 12 controls the quenching-purpose high-frequency oscillator 10 in 
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a manner such that the amount of electric power supplied from the high- 
frequency oscillator 10 to the heating coil 4 is proportional to the square of the 
wire diameter's value of the workpiece S. In this embodiment, the traveled 
distance of the workpiece S is measured by the length measuring unit 2. 
Under such circumstances, when the workpiece S which has its own position 
measured by the first wire-diameter measuring unit 3 reaches a central portion 
of the quenching-purpose heating coil 4 after the workpiece S travels a 
distance of Ki, the quenching-purpose high-frequency oscillator 10 is 
controlled by the control unit 12 so as to supply a predetermined amount of 
electric power to the quenching-purpose heating coil 4. 

[40] For example, an amount Pi of electric power is supplied from the 

quenching-purpose high-frequency oscillator 10 to the quenching-purpose 
heating coil 4 when a workpiece 's small-diameter portion "A" having a 
diameter di (shown in Fig. 2) moves by the above distance of Ki to reach the 
central position of the quenching-purpose heating coil 4. Due to this, the 
workpiece S is continuously heated by the quenching-purpose heating coil 4 at 
the expense of the amount Pi of electric power until the small-diameter portion 
"A" of the workpiece S reaches an apparatus '-side position "B" (shown in Fig. 
2). At this time, a distance (Li) traveled by the workpiece S is measured by 
the length measuring unit 2. 

[41] When the workpiece S moves so that a workpiece' s-side position "B" 

reaches the central portion of the quenching-purpose heating coil 4, electric 
power supplied to the quenching-purpose heating coil 4 is gradually increased 
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as a wire diameter of the workpiece S gradually increases between the 
workpiece's small-diameter portion "B" having a diameter di and a 
workpiece' s large-diameter portion "C" having a diameter da, i.e., increases in 
an area of a workpiece's tapered portion "B-C". At this time, the amount of 
electric power supplied to the quenching-purpose heating coil 4 varies in 
proportion to the square of the wire diameter's value in the tapered portion of 
the workpiece S. After that, when the workpiece' s large-diameter portion "C" 
having the diameter da reaches the central portion of the quenching-purpose 
heating coil 4, the amount of electric power supplied to the quenching-purpose 
heating coil 4 reaches the following value of P2: namely, P2 = Pi x (da/di)^ 

[42] In other words, the workpiece S is constantly heated at the expense of 

the amount P2 of electric power between the workpiece' s large-diameter 
portions "C" and "D" each of which has a diameter da (i.e., heated in an area 
of a workpiece' s tapered portion "C-D"). 

[43] After that, the workpiece S further travels to have its tapered portion 

"D-E" reach the central portion of the quenching-purpose heating coil 4. 
Then, electric power supplied to the quenching-purpose heating coil 4 is 
gradually decreased as a wire diameter of the workpiece S gradually decreases 
between the workpiece' s large-diameter portion "D" having a diameter da and 
a workpiece's small-diameter portion "E" having a diameter di (i.e., between a 
workpiece's tapered portion "D-E"). As a result, the amount of electric power 
supplied to the quenching-purpose heating coil 4 reaches a value of Pi at the 
workpiece's small-diameter portion "E". As described above, heating of the 
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workpiece S is performed by varying the amount of electric power supplied to 
the quenching-purpose heating coil 4 in proportion to the wire diameter of the 
workpiece S in a manner such that both the large-diameter and the small- 
diameter portion of the workpiece S are heated to the same temperature. The 
above-mentioned control in heating is realized by the control unit 12. 
[44] The workpiece S having been heated by the quenching-purpose heating 

coil 4 is then quenched in the quenching -purpose water-cooled jacket 5. 
Since the workpiece S is heated to a constant temperature over its entire 
length, it is possible for the workpiece S to have both its large-diameter 
portion and its small-diameter portion quenched at the same cooling rate, 
which makes it possible for the workpiece S to obtain a constant hardness over 
its entire length including its large-diameter portion and its small-diameter 
portion. 

[45] After that, the workpiece S having been quenched is successively 

heated to its tempering temperature by the tempering-purpose heating coil 7, 
and then tempered. In this tempering operation, the wire diameter of the 
workpiece S is measured by the second wire-diameter measuring unit 6 as is in 
the quenching operation. More specifically, when the workpiece S to be 
tempered reaches a central portion of the tempering-purpose heating coil 7, a 
predetermined amount of electric power proportional to the square of the wire 
diameter's value of the workpiece S is supplied to the tempering-purpose 
heating coil 7, so that the workpiece S is uniformly heated over its entire 
length as is in the case of the previous quenching process. The workpiece S 
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thus uniformly heated is then cooled in the tempering-purpose water-cooled 
jacket 8. After completion of such cooling process, the workpiece S is taken 
up in the take-op reel stand 9, whereby all the heat treatments of the workpiece 
S are completed. 

[46] The present invention is further illustrated by the following examples: 

EXAMPLE 1 

[47] Sample steel wires (i.e., sample workpieces) were subjected to 

quenching processes. Each of the sample steel wire assumed the same shape 
as that of the workpiece S shown in Fig. 2. The dimensions of each of the 
sample steel wires are shown in Fig. 8. 

[48] One of the sample steel wires was subjected to a quenching process 

performed according to the method of the present invention in which the 
control unit 12 was used, while the other of the sample steel wires was 
subjected to a quenching process performed according to the conventional 
method in which no control means was used. All the sample steel wires were 
tested under the following common conditions for comparison purposes: 



[49] Line speed: 80 mm/sec 

[50] Length of the quenching-purpose heating coil 4: 340 mm 

[51] Frequency: 32 KHz 

[52] Target temperature in heating: 910 

[53] Shown in Figs. 3 and 4 are: the quenching temperature of the sample 



steel wire subjected to the conventional method, and the corresponding 
quenching temperature of the sample steel wire subjected to the method of the 



16 



present invention, respectively. These quenching temperatures were measured 
in the Example 1. Further shown in Figs. 3 and 4 are: coil outlet temperatures 
measured at an outlet opening of the quenching-purpose heating coil 4 in the 
Example 1; and, wire diameters of the sample steel wires measured in the 
Exeimple 1. 

[54] As is clear from these drawings, in the conventional method the results 

of which are shown in Fig. 3, the sample steel wire has its large-diameter 
portion be lower in temperature than its small-diameter portion. As for the 
tapered portion of the sample steel wire, the temperature of such tapered 
portion decreases as the wire diameter of the sample steel wire increases. Due 
to this, a difference in temperature between the large-diameter portion and the 
small-diameter portion of the sample steel wire treated according to the 
conventional method reached approximately 70 °C. 

[55] In contrast with this, in the sample steel wire treated according to the 

method of the present invention, a difference in temperature between the 
large-diameter portion and the small-diameter portion of the sample steel wire 
was approximately 20 °C. Further, the tapered portion of the sample steel 
wire was substantially free from any difference in temperature over its entire 
length in the heating process. 

EXAMPLE 2 

[56] Sample steel wires (i.e., sample workpieces) were subjected to 

tempering processes. Each of the sample steel wires assumed the same shape 
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as that of the workpiece S shown in Fig. 2. The dimensions of each of the 
sample steel wires are shown in the above Table 1. 
[57] One of the sample steel wires was subjected to a tempering process 

performed according to the method of the present invention in which the 
control unit 12 was used, while the other of the sample steel wires was 
subjected to a tempering process performed according to the conventional 
method in which no control means was used. All the sample steel wires were 
tested under the following common conditions for comparison purposes: 



[58] Line speed: 80 nmi/sec 

[59] Length of the tempering-purpose heating coil 7: 340 mm 

[60] Frequency: 7.5 KHz 

[61] Target temperature in heating: 450 "^C 

[62] Shown in Figs. 5 and 6 are: the tempering temperature of the sample 



steel wire subjected to the conventional method, and the corresponding 
tempering temperature of the sample steel wire subjected to the method of the 
present invention, respectively. These tempering temperatures were measured 
in the Example 2. Further shown in Figs. 5 and 6 are: coil outlet temperatures 
measured at an outlet opening of the tempering-purpose heating coil 7 in the 
Example 2; and, wire diameters of the sample steel wires measured in the 
Example 2. 

[63] As is clear from these drawings, in the conventional method the results 

of which are shown in Fig. 5, the sample steel wire has its large-diameter 
portion be lower in temperature than its small-diameter portion in the 
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tempering processes, as is in the quenching processes described above. As for 
the tapered portion of the sample steel wire, the temperature of such tapered 
portion decreases as the wire diameter of the sample steel wire increases. Due 
to this, a difference in temperature between the large-diameter portion and the 
small-diameter portion of the sample steel wire treated according to the 
conventional method reaches approximately 150 °C. In contrast with this, in 
the sample steel wire treated according to the method of the present invention, 
a difference in temperature between the large-diameter portion and the small- 
diameter portion of the sample steel wire- was approximately 20 °C. Further, 
the tapered portion of the sample steel wire was substantially free from any 
difference an temperature over its entire length in the heating process. 

[64] Further, in the above embodiments, the double tapered steel wire S has 

been described so as to be constmcted of a plurality of the straight portions 
and the tapered portions, wherein the straight portions are spaced alternately 
with the tapered portions and integrated therewith to form the double tapered 
steel wire S of the present invention. However, it is also possible for the 
present invention to have a double tapered steel wire which is constructed of: a 
single straight portion; and, a pair of tapered portions each of which is 
disposed adjacent to each of opposite axial end portions of the straight portion. 

INDUSTRISL APPLICABILITY 

[65] It is possible to mass produce a piece of the steel wire at low cost in an 

easy manner by simply cutting these pieces out of the steel wire, wherein the 
steel wire's piece consists of: a single straight portion; and, a pair of the 
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opposite tapered portions which are disposed adjacent to opposite ends of such 
a single straight portion and tapered down to their outer reduced-diameter 
ends. These are advantages inherent in the method and the apparatus of the 
present invention. 

Due to this, the double tapered steel wire of the present invention is 
capable of having its small-diameter portions, its tapered portions and its 
large-diameter portions heat treated in a manner such that each of these 
portions has both a constant hardness and a constant tensile strength. 
Consequently, the present invention having the above construction is capable 
of manufacturing the barrel-shaped or spindle-shaped coil spring at 
considerably reduced cost in an easy manner, which makes it possible to have 
the steel wire of the present invention widely used in any other application 
fields in addition to the field of spring steel wire. 
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